® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



i 

(n) Publication number: 



0 207 1 21 

B1 



EUROPEAN PATENT SPECIFICATION 



(§) Date of publication of patent specification: 10.01.90 

(D Application number: 86900220.4 

(g> Date of filing: 23.12.85 

(S) International application number: 
PCT/GB85/00600 

(f!) international publication number: 
WO 86/03833 03.07.86 Gazette 86/14 



© int. Cl. s : G01 D5/38 



OPTO-ELECTROIMIC SCALE-READING APPARATUS. 



(§) Priority: 22.12.84 GB8432S74 

06) Date of publication of application: 
07.01 .87 Bulletin 87/02 

Publication of the grant of the patent: 
10.01 .90 Bulletin 90/02 

(9) Designated Contracting States: 
CHDEFRGBITUSE 



References cited: 
GB-A-2095 399 
US-A-3 796 498 
US-A-4 049 965 



CD 

O 
C4 



Q. 

LU 



(§) Proprietor: Renishawplc 

Wotto^Unde^e Gloucestershire GL12 7DN 
(GB) 

(D inventor: STEPHENS. William, Frank. Noel 
2. Sandpits Lane ^ nn i G n\ 
Hawkesbury Upton Badminton (GB) 



Note: Within nine months from the publication of ^ ^T^^ opposition shall 

gL notice to the European Patent Office ^^^^J^^ been filed until the opposition fee has been 
be filed in a written reasoned statement. It shall not be aeemea 

paid. (Art. 99d ) European patent conven tion). ^ - 

■ Courier Press. Leamington Spa. England. 



EP 0 207 121 B1 



Description 



Background of the invention 

This invention relates to opto-eiectronic seal - 
reading apparatus for use in measuring relative 
displacement of two members. In known such 
apparatus e.g. British Patent No. 1,504,69T the 
scale comprises a diffraction grating co-operating 
with at least one other grating on a read head to 
produce interference fringes which move relative 
to the read head during a said displacement of the 
members,_and said measurement|s a count of said^ 
fringes. It is clear that such a scale has to be of 
diffraction quality, i.e. the accuracy and reliability 
of the measurement depends on such parameters 
as the regularity of the spacing of the scale marks, 
the sharp definition of the edges of the marks, and 
the freedom of the scale from scratches and like 
imperfections. Such a scale can be expensive to 
produce and protect especially when the scale has 
to be relatively long. 

It is among the objects of this invention to 
overcome or reduce this difficulty. 

It is also known to increase the number of 
signals obtainable from any two adjacent marks of 
the scale 1 by phase quadrature interpolation. 
Known scale-reading apparatus can be subject to 
phase errors and consequent interpolation errors, 
it is optionally an object of this invention to 
* overcome or reduce this difficulty. 

The scope of the invention is specified in Claim 1 
hereto. 

It will be seen that in the apparatus according to 
this invention the diffraction mechanism takes 
place entirely in the read head. The scale is merely 
required to provide a pattern of light sources. Thus 
the scale is not required to be a diffraction grating 
and the provision of the marks on the scale does 
not have to be of diffraction quality. The secondary 
periodicities may be due to the scale having 
relatively imperfect markings or the markings of 
the scale may be capable of being produced with 
greater economy than in known apparatus. 

Further, the read head according to this inven- 
tion is inherently convolutional, i.e. the fringes 
constitute a convolution of the scale pattern with a 
substantially sinusoidal pattern. This makes the 
read head substantially free from phase quadra- 
ture errors. 

In each of US — A — 3,796,498, US — A— 4,049,965 
an d GB — A — 2,095,399 there is shown apparatus 
for m asuring displacement between two mem- 
bers wherein use is made of a scale capable of 
producing diffracted orders. Such a scale must 
necessarly have marks which have a single 
periodicity and there is no indication of the 
presence of secondary periodicities defining 
departures from a single periodicity or of a spatial 
filter having a pass band defining a maximum such 
departure. 

Description of preferred embodiments 

Embodiments of apparatus according to this 
invention, will now be described with reference to 
the accompanying drawings wherein: — 
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Fig. 1 is a plan view of the apparatus. 
Fig. 2 is a perspective view of Fig. 1, 
Fig. 3 is an enlarged detail of Fig. 1, 
Fig. 4 is a light ray diagram of a first embodi- 
ment. 

Fig. 5 is a light ray diagram of a second 
embodiment. 

Fig. 6 is a first diagram showing at (a) the 
response curve of a filter and at {b) a scale 
periodicity variation. 

Fig. 7 is a second diagram showing at (a) the 
response curve of a filter, at (b) a band of scale_ 
periodicities," and at (c) 'a different position of the 
latter band. 

Fig. 8 is a third diagram showing at (a) the 
response curve of a filter, at (b) a band of scale 
periodicities, and at (c) a different position of the 
latter band. 

Fig. 9 shows at (a) an enlarged representation of 
a scale showing a modulation of the scale marks, 
and at (b) demonstrating the ramp characteristic of 
this modulation. 

Fig. 10 is a diagram of characteristics of the 
modulation showing different such characteristics 
at (a) and (b), and 

Fig. 11 is an enlarged representation of a scale 
showing at (a) amplitude modulation of the scale 
periodicity and at (b) the binary characteristic of 
the modulation in this case. 

General description of apparatus 

Referring to Figs. 1 to 3, there is shown a linear 
scale 10 secured to a track 11. A read head 12 is 
secured to a carriage 13 supported on the track 1 1 
for linear movement in a direction X being the 
direction of the length of the scale. The scale has 
marks 14 (Figs. 2, 3) defined by lines extending in a 
direction Y perpendicular to the direction X. The 
head 12 has an axis 12A extending in a direction Z 
perpendicular to both the directions X and Y. The 
head embodies a light source 15 positioned to 
illuminate the scale over a range 16. The head 
further comprises, in succession from the scale 1 0 
and along the axis 12A, a first or index grating 17, a 
second or analyser grating 18, a lens 19, and a 
sensor assembly 20 preferably comprising sensor 
sections 21 (Fig. 2) having output signals 22 
representing movement of the carriage 13 along 
the track 11. 

The relative position of the scale 10 and the . 
grating 17 is such that the light from the source 15 
is reflected at the marks 14 to form a light pattern 
illuminating the grating 17. 

The scale 10 (Fig. 3) comprises a body 10B to 
which the marks 14 are applied at a given 
periodicity, i.e. at given periods of pitches. The 
marks may have a single periodicity indicated by 
periods P1. Alternatively, the marks may be arranged 
in accordance with a number of periodicities 
defining a band, the "scale band", and including 
said single periodicity as a dominant periodicity 
among a range of secondary p riodicittes, all as 
defined later herein. The scale band may be 
produced by a random variation in the periods of 
the markings along the length of the scale. 
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Said random variations are indicated in Fig. 3. 
as a surface structure 23 having substantially 
andomly distributed reflective region . 24 
ncludinq regions having the per.od PL Such a 
sea e Profile can be more economical to produce 
?h»n a scale in which only a single periodicity "S 
%Tse J. As wm be explained in.detail later herein^ 
ml apparatus includes a filter F constituted by the 
arattng "and by a sampling region 16 spanning 
a portion of the length of the scale and determ.n- 
?«« the oass band of the filter F. The dominant 

marks 14 lies within the pass band of the filter 
The filter responds to the latter light pattern and 
acts on the sensor 20 to produce the signals 22. 

Fi Th r e 9 re 0 gTo e ns y 24 define notional light sources 
and the grating 17 is spaced from the scale 10 to 
a b n e muminated 9 by said sources and. by d.ffractio^ 
to oroduce fringes 30 in a fringe plane 30A located 
at die s"de of the grating 17 remote from the scale 
10 Referring to Fig. 4, the grating 17 .s an 
ampHtude grating, typically a Ronchi grating, and 
use is made of the diffraction phenomenon 
known as "self-imaging" of "Fourier imag.ng of 
□eriodic transmission masks. „ ( 
P This phenomenon requires for this type of 
grating that the following expressions are satis- 
tied: 



1/u+1 /v=MnxD2 2 ) 
D2/D3=u/(u+v) 
D2/D1=v/(u+v) 



(1) 
(2) 
(3) 
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u=the distance between a generatmg plane 
31 A and the grating 17, the plane 31A lying in. the- 
XV directions and containing a notional point 
source 31 being of substantially monochromatic 
fiqh lnd giving rise to the fringes 30 wh.ch are 
represented by a square wave, as shown, since 
Sse fringes are a self-image of the grating 17. 

v=the distance between the gratings. 17, 18, 

X=the wave length of the light: 

01 =the pitch of a plurality of said point sources 
lying in the plane 31A and co-operating to re- 
inforce the fringe pattern; 

02=the pitch of the grating 17; 

D3=the pitch of the grating 18; 

n=a positive integer. 

The head 12 and the scale 10 are matched by 
making the pitch D1 of the head and the pitch Pi 
of the scale the same, and the head is so posi- 
tioned relative to the scale that the plane 31 1 A or 
the light sources 31 is substantially coincident 
with the plane, 10A, of the scale. The notional 
light sources 31 are then actual sources defined 
by light reflected from surface features of the 
scale forming the dominant periodicity P1 and 
associated secondary periodicities. 

During relative movement of the head 12 and 
the scale 10, th resulting movement of the 
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notional light sources 31 in the generatmg plane 
£a in the direction X produces a corresponding 
movement of the fringes 30. also in the direction 
x relative to read head 12. If u and v are equal 
fne amoun o f tne movement of the fringes 30 
refativ™ to the read head 1 2. is the same as that of 
saw relative movement of the head and the scale 
?hvpotnetica|-point sensor 21 X situated ,n the 
p,an V e P ?0A of the fringes will detect "uctujtjon^n 
Haht intensity as the fringes pass across it. The 
o?at nq 18 has a pitch 03 equal to the fringe p.tch 
grating 10 n<« H , i8 a to coincide 

D4 and is arranged for its plane iom lu w 

Wi Thet^sor se^ons 1 21 aVe provided fbVienSng- 
sub-divfsions of the fringe pitch convemently 
qenerated by dividing the grating 18 into sections 
IsS Fig. 2) whose grating marks are mutually 
offset F'our'such grating sections 188. anc Uorre- 
snondinqly four said sensor sections 21 may Qe 
orovided to divide the fringe pitch by four. 
Alternatively' a similar effect is achieved by 
J lac no he grating 18 in a tilted posit.onrelat.ve 
£ the g ating 17 thereby to produce at the plane 
30A moire fringes sensed in phase quadrature by 
thV sTSor assembly in a manner known per se. 

ft wU? be clear that, in this example, the per- 
formance of the head 12 is governed by relatively 
Srirt adherence to the relationships given by 
eq" ation (1 Notably, the formation of the fringes 
fs q dependent on wave length. Departure from an 
ideally single wave length causes reduction in 
cont L of the fringes. This reduction is made 
SsTas the value of h is increased although a 
hiqh value of n may be desirable for practice 
Ssons e.g. so as not to be restricted to too small 
* tnacino of the head 12 and the scale iu. 
However 9 a practical head can be constructed by 
using values n between 2 and 16. together w,th a 
value of 20 urn for D1 and a wave length of 900 

nanometers. ««arina 
Inevitably small vanat.ons in the spacing 
between the head and the scale can produce 
feaTno errors. The lens 19 which is introduced to 
olfrcome this difficulty is a telecentr-c d , «nc. 
having a front focal plane preferably lying at the 
scale ?lane 1 0A and a rear focal plane lying at the 
She 21 A, of the sensor assembly, and the lens 

19 allows said variations without necessarily 

invalidating equation (2) and/or (3). 

In the second embodiment (Fig. 5 tne par* 

meters of the head 12 are given wholly by. 

(4) 
(5) 
(6) 



D2/D3=2u/(u+v) 
02/D1 = 2v/(u+v) 
<l/u+ 1/v=M(n+i)xD2 2 ] 
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The restriction of equation (1) does not .apply at 
all in this case. However, ^at.on (6) should be 
applied when n is low and/or the light is su 
stTntially monochromatic. Otherwise , ,he fnnge 
contrast is substantially '"dependent of wave 
leng h and broad-band light, e.g. white light, may 
be used. Further, in this embodiment, fringes of a 
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given pitch are formed dependent only on the 
ratio u/v and not on the absolute values u and v. 
There is some loss of fringe contrast associated 
with the formation of fringes in this case, but this 
is overcome by using a phase grating for the 
grating- 17. Generally, this embodiment would be 
the preferred embodiment of the invention. 

The pitch 01 is also referred to as the "nominal 
periodicity" of the filter, and the filter may be said 
to be tuned to read only those marks 14 of the 
scale 10 which have the nominal periodicity of the 
"filter" or as wilf be~explaihed, which" lie within the 
pass band of the filter. 

A housing 12B (Fig. 1) supports the gratings 17, 
18 at the spacing v and a support means supports 
the housing 12B relative to the scale 10 at the 
distance u between the scale 10 and the grating 
17. In the present example. said support means is 
defined by the track 11 and the carriage 13. 

Convolution 

It can be shown on the basis of Fourier theory, 
that an optical convolution is performed between 
the two patterns, being respectively the scale 
patterns 24 and. the fringe patterns 30, due to a 
single light source 31 illuminating the grating 17 
{Figs. 3, 4, 5). Since the fringe pattern is sub- 
stantially sinusoidal, it can be shown that said 
convolution represents a spatial filtering of the 
light distribution of the scale in favour of the 
spatial periodicity of the fringe, pattern produced 
by said single light source. In other words, the 
head 12 is a tuned spatial filter. The filtering 
action is strengthened by a second convolution in 
this case between the fringe pattern 30 and the 
grating 18. 

The convolutional character of the read head 12 
has the advantage that the read head 12 is 
substantially independent of angular misalign- 
ment, particularly about the Z axis, between the 
read head 12 and the scale 10, thus rendering the 
read head substantially immune to quadrature 
phase error due to such misalignment. This is due 
to the fact that the gratings 17, 18 are fixed one 
relative to the other and the fringes 30 have a 
fixed alignment with the lines of the grating 17. 
Therefore, the head 12 can be set up, relative to 
the scale, by simple mechanical methods, such as 
setting gauges and it is not normally necessary, 
during setting up, to monitor the phase of the 
signals 22 and make adjustments in the head 
position to eliminate phase errors as between the 
respective signals 22. 

Relationship of filter and scale 

The spatial filter is adapted to pass a band of 
periodicities constituting the pass band of the 
filter (or the "filter band") which is the inverse of 
the length of the illuminated or sampling region 
16 (Fig. 1) insofar as that region lies within the 
optical apertur , 16F, of the grating 17. 

The region 16 may be illuminated over a length 
16S2 less than a length 16S1 corresponding to the 
greatest possible aperture 16Fof the grating 17 in 
which case the effective aperture is less than said 
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greatest possibl aperture. In any case, the filter 
band is the inverse of the region 1 6 i.e. the greater 
the length of the region 16 the narrower is the 
filter band and vice versa. In practice, given that 
the scale has the periodicity PT, the filter F is 
designed to match the periodicity PT,. and the . 
pass band of the filter F is chosen in terms of said 
region 16. To cope with a given tolerance in the 
actual periodicity of the scale, i.e. in the spacing of 
the marks 14, due to manufacturing tolerances, 
the pass band of the filter is made sufficiently 
wide "to include that tolerance. However,- the- - 
dominant scale periodicity PI needs to be detect- 
ably present on the scale in the sense of lying 
within said sampling region 16 and within the 
pass band of the filter. 

Fig. 6 is a diagram showing the relationship 
between a given pass band -FBI of the filter and the 
dominant periodicity PI as the only periodicity of 
the scale. The curve Fa represents the whole 
response of the filter F in terms of the contrast FC 
of the fringes 30 for different scale periodicities 
SP. A fringe contrast above a line FC1 is sufficient 
to produce a signal 22 (Fig. 2). 

So long as the periodicity PI lies within the 
band FB1, the filter F can respond to it and 
produce a signal 22 of acceptable amplitude. 
While being uniform within the sampling region, 
in any one position of the read head along the 
scale, the periodicity PI may vary, as between 
different positions of the sampling region along 
the scale, over a range P1A and produce a signal 
22 so long as the range P1A lies within the filter 
band FB1. The filter responds in sympathy with 
any changes in the periodicity within the range 
PI A. 

This is acceptable for a given error tolerance. 
However, the arrangement has the advantage of 
relatively good freedom from phase quadrature 
error. In a typical example, the nominal periodic- 
ity is 20 pm and the width of the pass band is 0.1 
urn for a sample period 16 of 10 mm. If the range 
P1 A is 0.05 Mm, the error tolerance would have to 
be 0.25%, i.e. 2.5 mm per m. However, this can be 
compensated for and be reduced, typically, to 20 
u.m per m. t _ 

Fig. 7 shows a band of scale periodicities PI B 
present within the sampling region 16 and 
including the dominant periodicity P1 sub- 
stantially at the centre of the band. If the domin- 
ant periodicity coincides with the nominal 
periodicity of the filter, the filter response is in 
accordance with the nominal periodicity. How- 
ever, if, as shown as (c) the position of the scale 
band relative to the pass band of the filter is such 
that the dominant periodicity lies to one side of 
the nominal periodicity of the filter, the filter tends 
to respond to a scale periodicity Px closer to the 
nominal periodicity of the filter than the dominant 
periodicity; the dominant periodicity must still lie 
within the pass band of the filter. A consequence 
of this arrangement is that the accuracy of the 
apparatus is higher than in the example of Fig. 6. 
In other words, the introduction of a band of 
periodicities about the dominant periodicity, 
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,eads to improved accuracy while still maintain- 
ing said relatively good freedom from phase 
nuadrature errors. 

Fiq 8 shows a scale band PIC exceeding "the 
filter 'band FB1. In this case, even though the 
dominant frequency still remains within the pass 
band FB1, the filter can see scale periodicities, not 
only in the pass band, but over the entire range. 
FB2 of the filter curve Fa. This contributes to 
building up improved accuracy by virtue so fa low- 
ing the filter to respond even more closely to its 
nominal periodicity. 

S °Z Resents a part length of the scale 10 
showing positions P spaced along the scale at the 
dominant periodicity defined by the penods , P1 A 
pair of reflective marks 14/1 are provided at two 
adjacent positions P at regular mtervals I along 
the scale. The intervals I are each an integer 
multiple of the period P1 and the sampling region 
16 substantially extends over a distance equal to 
one such interval I. In an example, the period PI is 
20 urn, the interval I is 8 mm and the sampling 
reqion is 10 mm. . 

Further reflective marks 14/2 are provided on 
the scale in positions offset from the positions P 
by departures or distances 0, thus g.v.ng rise to 
secondary periodicities defined by penods P2 
which, in this example, vary in accordance with a 
ramo-shaped characteristic. Alternatively, the 
chTracterfstic may be sinusoidal (Fig. 10a) within 
each sampling region with corresponding 
sinusoidal variation in the secondary 
periodicities. Alternatively, the distances D may 
vary so that the characteristic is random (Fig. 

1 °in most cases it is desirable that the maximum 
departure D from any one position P is less than 
one half, preferably one quarter, of the period PI 
because any greater such departures could result 
in destructive interference in the filter F such that 
certain periodicities, including the dominant 
periodicity, are not detectable. This would lead to 
a condition that all or some per.od.ct.es are no 
longer detectably present in the apparatus w.th 
consequent failure of the reading. 

The foregoing departures D may be described 
as phase or frequency modulation of the scale 
marks. Amplitude modulation may be provided 
(Fiq 11) by arranging the marks 14 at selected 
groups of positions P while leaving the remaining 
positions P unmarked as shown at PO. The 
unmarked positions may vary in any appropriate, 
regular or random pattern. 

It would not be appropriate from the modula- 
tion point of view if, for example, every second or 
third position P were unmarked i.e. if the period 
between any two marks 14 were the same integer 
multiple of the nominal periodicity 01 of the filter, 
but this may in fact be done to provid what is m 
effect a coarse-pitch scale. 



Claims 

1 Apparatus for measuring displacement 
between two members, (11. 13). comprising: 

a) a scale (10) on one of the members having 
marks (14; 14/1; 14/2) defined by a light pattern, 

b) -a read : head (12) provided, on the other ... 

member (13), . 

c) periodic diffraction means (17) provided in 
r0 the read head for interacting with said light 

pattern to produce interference fringes 30 
having movement relative to said read head (12) 
- - responsive-to a-said displacement, 

d) there being a nominal periodicity (D1. F1) de- 
,s termined by the read head, being the periodicity 

the scale is required to have to satisfy the 
optical parameters (D2, u. v) of the read head, and 

e) detecting means (18, 20) for detecting said 
movement, characterised in that 

f) the scale marks (14; 14/1; 14/2) have 
20 secondary periodicities (24; P1A; P1B; Px: PIC; 

P2) offset from said nominal periodicity (D1, Fl) 
bv departures (D), 

g) means (16; 16F; 16S1; 15, 16S2) are provided 
25 defining the length of an effective sampling 

region of the scale (10), only light from said 
effective sampling region contributing to the pro- 
duction of said interference fringes (30), 

h) the diffraction means (17) and said means 
30 (16- 16F- 16S1; 15, 16S2) for defining the length of 

an effective sampling region constitute a spatial - 
filter (F) passing said nominal periodicity (Di. M>. 

an j) the filter (F) has a passband (FB1; FB2) 
3S determined by the length of said effective sam- 
pling region and defining a maximum said depar- 
ture (0), whereby secondary periodicities below 
said maximum departure contribute to produc- 
tion of said fringes (30). while secondary 
40 periodicities above said maximum departure (U) 
do not contribute to production of said fringes 

l3< 2 Apparatus according to Claim 1. wherein said 
diffraction means (17) comprises a diffraction 
a* arating (17) spaced from the scale (10) to be 
45 n.uminated by'said light pattern (14 31) and to 
produce said diffraction fringes (30) at a plane 
(30A) spaced from said grating (17) to the siae 
thereof remote from the scale (10). 
M 3 Apparatus according to Claim 1 wherein saia 

spatial filter (F) comprises a first diffraction grat- 
inq (17) spaced from the scale (10) to be illumi- 
nated by said light pattern (14, 31) and ttf produce 
said fringes (30) at a fringe plane (30A) to the side 
55 of the first grating (17) remote from the scale (10). 
and wherein the detecting means comprise a 
second grating (18) situated at said plane (30A) to 
reveal a light modulation due to said movement 
of the fringes (30), the light from said light pa ttern 
so (14, 31) passing in succession through tne rirs 
50 and second gratings (17. 18) to the side of he 
second grating (18) remote from the 
(17) and a sensor assembly (20) provided at saia 
remote side of the second grating (18) for sens.ng 
55 said modulation. 
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A Apparatus according to Claim 3 wherein the 
parameters (D2. u. v) of said read head (12) are 
given by expressions: 



1/u + 1/v=MnxD2 2 ) 
D2/03=u/(u-t-v) 
D2/D1 =v/(u+v) 



(1) 
(2) 
(3) 



" W \j^'the' distance between a plane" (31 A) contain-" 
ing said light pattern (31); and said first grating 

° v=the distance between said gratings. (17. 18); 
\=the wave length of the light; 
01 =the pitch of said nominal periodicity 
D2=the pitch of said first grating (17); 
03=the pitch of said second grating (18); 
n = a positive integer. 

5 Apparatus according to Claim 3 wherein the 
parameters (D2. u. v) of said read head 12 are 
given by the expressions: 



D2/D3=2u/(u+v) 
02/Dl = 2v/(u+v) 



(4) 
(5) 
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wherein: „ . ■ „ 

u=the distance between a plane containing 

said light pattern and said first grating (17) 
v=the distance between said gratings (17, 18) 
D1=the pitch of said nominal periodicity 
D2=the pitch of the first grating (17); 
D3=the pitch of said second grating (18). 

6 Apparatus according to Claim 1 wherein said 
spatial filter (F) has an optical aperture (16F) 
dimensioned to read a corresponding sampling 
region (16) of the scale and said filter band (FB) is 
inversely proportional to said sampling region. 

7 Apparatus according to Claim 1 wherein said 
spatial' filter (F) has an optical aperture (16F) 
dimensioned to read a corresponding first read- 
ing range (16S1) of said scale (10) and limiting 
means (15) for limiting the scale (10) to a second 
reading range (16S2) less than a said first reading 
range (16SD whereby a sampling region (16) ot 
the scale is defined by said second reading range 
(16S2) and said filter band (FB) is inversely pro- 
portional to said second reading range (16SZ). 

8 Apparatus according to Claim 6 or Claim 7 
wherein a dominant periodicity (PI) of said scale 
(10) is defined by positions (P) spaced along the 
scale, said dominant periodicity being equal to 
the nominal periodicity of the spatial filter F), a 
said scale mark (14) is provided substantially at 
each said position (P). such that the spacing of the 
marks (14) is uniform at least within said sam- 
pling region (16), and any non-uniformities in said 
spacing of the marks lie within said pass band 
(FB1) of the filter (F). . 

9 Apparatus according to Claim 6 or Claim / 
wherein a dominant periodicity (PD of said scale 
(10) is defined bydominant positions (P) equally 
spaced along the scale (10). said dominant 
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oeriodicity (PD is equal to the nominal periodicity 
(01 F1) of the spatial filter (F). at least two scale 
marks (14/1) are present at respective said posi- 
tions P within said sampling region (16). 
secondary said marks (14/2) are provided on the 
scale (10) in positions offset from said dominant . 
positions (P) thereby to provide secondary 
periodicities (P2) combining to define a scale 
band (S81). and said scale band (S81) lies within 
said pass band (FB1) of the filter (F). 

10 Apparatus according to Claim 9 wherein 
- said spatiar filter (F) defines a response curve (Fa) 

covering a range of periodicities (FB2) greater 
than said pass band (FBD of the filter (F), said 
secondary periodicities (P2) extend at least over 
said greater range (FB2). 

11 Apparatus according to Claim 1 wherein a 
dominant periodicity (PD of said scale is defined 
by positions (P) equally spaced along the scale 
said dominant periodicity (PD being equal to said 
nominal periodicity (01, F1) of the spatial filter (F) 
and said scale marks (14) are provided at selected 
said dominant positions (F3) only. 

12 Apparatus according to Claim 6 or Claim / 
wherein said read head (12) includes a light 
source (15) positioned to illuminate said scale (10) 
at said sampling region (16), and by reflection at 
said marks (14) produce the light pattern .(14. 31) 
illuminating said diffraction means (17). 

13 Apparatus according to Claim 12 as depen- 
dent on Claim 7 wherein said light source (15) is 
adapted to illuminate said second reading range 
(16S2) only thereby to limit said sampling region 

14 Apparatus according to Claim 1 wherein the 
secondary periodicities arise by virtue of a ran- 
dom variation in the period of the marks along the 

SC3le 

15 'Apparatus according to Claim 1 wherein the 
secondary periodicities arise by virtue of a ramp- 
shaped variation in the' period of the marks. 

16 Apparatus according to Claim 1 wherein the 
secondary periodicities arise by of virtue of a 
sinusoidal variation in the period of the marks. 

17 Apparatus according to Claim 1 wherein the 
secondary periodicities arise by v.rtue of 
scratches or like imperfections of the scale. 

18 Apparatus according to Claim 1 wherein 
said spatial filter {R has an optical aperture (16; 
16F; 16S1; 16S2). and said pass band (FBI, i-a^j 
is defined by the extent of said aperture. 

19 Apparatus according to Claim 5 wherein the 
parameters of said read head (12) are additionally 
given by the expression 
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l/u + 1/v=X/[(n-r-})xD2 2 l 



(6) 



wherein X is the wave length of the light 

en 2o!°Apparatus according to Claim 5 or Claim 19 
wherein said periodic diffraction means (17) is a 
phase grating. 
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Pat ntanspruche 



1. Vorrichtung zum Messen des Versatzes 
zwischen zwei Elementen (11, 13), mit: 

a) einer Skala (10) an einem der Elemente mit 
durch ein Lichtverteilungsmuster bestimmten 
Markierungen (14; 14/1; 14/2). 

b) einem an dem anderen Element (13) vorge- 
sehenen Lesekopf (12), 

c) in dem Lesekopf zur Wechselwirkung mit 
dem Lichtverteilungsmuster vorgesehenem 
periodischen Brechungsmittel (17), urn Interfe- 
renzstreifen (30[zu erzeugen mit einer von_ejnem 
besacjten Versatz'abhangigen Bewegung relativ 
zum Lesekopf (12); 

d) wobei eine Nenn-Periodizitat (D1, F1) durch 
den Lesekopf bestimmt ist, welche die Periodizitat 
ist, die die Skala besitzen sollte, urn den optischen 
Pa'rametern (D2, u, v) des Lesekopfes zu genugen, 

und , , 

e) Erfassungsmitteln (18, 20) zum Erfassen der 
Bewegung, dadurch gekennzeichnet, daS 

f) die Skalenmarkierungen (14; 14/1; 14/2) 
gegenuber der Nenn-Periodizitat (D1, F1) urn 
Abweichungen (D) versetzte Sekundar-Periodizi- 
taten (24; P1A; P18; Px; PIC; P2) besitzen, 

g) Mittel (16, 16F; 16S1; 15, 16S2) vorgesehen 
ist, welches die Lange eines effektiven Abtastbe- 
reiches der Skala (10) definiert, wobei nur Licht 
aus dem effektiven Abtastbereich zu der Erzeu- 
gung der Interferenzstreifen (30) beitragt, 

h) das Brechungsmittel (17) und die Mittel (16; 
16F; 16S1; 15, 16S2) zum Definieren der Lange 
eines effektiven Abtastbereiches ein die Nenn- 
Periodizitat (D1, F1) durchlassendes Raumfilter (F) 
bilden, und 

i) das Filter (F) ein durch die Lange des effekti- 
ven Abtastbereiches bestimmtes DurchlaSband 
(FB1 ; FB2) besitzt, welches eine maximale Abwei- 
gung (D) bestimmt, wodurch Sekundar-Periodizi- 
taten unter der maximalen Abweichung zur 
Erzeugung der Streifen (30) beitragen, wahrend 
Sekundar-Periodizitaten uber der maximalen 
Abweichung (D) nicht zur Erzeugung der Streifen 
(30) beitragen. 

2. Vorrichtung nach Anspruch 1, bei der das 
Brechungsmittel (17) ein Brechungsgitter (17) mit 
Abstand von der Skala (10) umfaGt, zur Beleuch- 
tung durch das Lichtverteilungsmuster (14, 31) 
und zur Erzeugung der Brechungsstreifen (30) an 
einer Ebene (30A) mit Abstand von dem Gitter 
(17) and dessen von der Skala (10) abgeiegenen 
Seite. 

3. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) ein erstes Brechungsgitter (17) mit 
Abstand von der Skala (10) zur Beleuchtung durch 
das Lichtverteilungsmuster (14, 31 ) und zur Erzeu- 
gung der Streifen (30) in einer Streifenebene 
(30A) zu der von der Skala (10) abgeiegenen Seite 
des ersten Gitters (17) umfaSt, und bei der die 
Erfassungsmittei umfassen ein in der Ebene (30A) 
gelegenes zw ites Gitter (18), urn eine Lichtmodu- 
lation infolge der Bewegung der Streifen (30) zu 
zeigen; wobei das Licht von dem Lichtvertei- 
lungsmust r (14, 31) aufeinanderfolgend durch 
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das erste und das zweite Gitter (17, 18) zu der von 
dem ersten Gitter (17) abgeiegenen Seite des 
zweiten Gitters (18) hindurchtritt und eine an der 
abgeiegenen Seite des zweiten Gitters (18) vorge- 
sehen Fuhl ranordnung (20) zum Erfassen der 
Modulation. 

4. Vorrichtung nach Anspruch 3, bei der die 
Parameter (D2, u, v) des Lesekopfes (12) gegeben 
sind durch Ausdrucke: 



1/u + 1/v=MnxD2 2 ) 
_D2/_D3 = u/(u+v) ... 
D2/D1=v/(u+v) 



(D 
42)- 
(3) 



wobei: 

u=der Abstand zwischen einer das Lichtvertei- 
lungsmuster (31) enthaltenden Ebene (31 A) und 
dem ersten Gitter (17); 

v=der Abstand zwischen den Gittern (17, 18); 

X=die Lichtwellenlange; 

D1=die Schrittweite der Nenn-Periodizitat; 

D2=die Schrittweite des ersten Gitters (17); 

D3=die Schrittweite des zweiten Gitters (18); 
und 

n=eine positive ganze Zahl. 

5. Vorirchtung nach Anspruch 3, bei der die 
Parameter (D2, u, v) des Lesekopfes (12) gegeben 
sind durch die Ausdrucke: 



D2/D3=2u/(u+v) 
D2/D1=2v/(u+v) 



(4) 
(5) 



wobei: 

u=der Abstand zwischen einer das Lichtvertei- 
lungsmuster enthaltenden Ebene und dem ersten 
Gitter (17); 

v=der Abstand zwischen den Gittern (17, 18); 
D1=die Schrittweite der Nenn-Periodizitat; 
D2=die Schrittweite des ersten Gitters (17); und 
D3=die Schrittweite des zweiten Gitters (18). 

6. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) eine optische Apertur (16F) besitzt, 
die bemessen ist zum Lesen eines entsprechen- 
den Abtastbereiches (16) der Skala und das Filter- 
band (FB) umgekehrt proportional zu dem Abtast- 
bereich ist. 

7. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) eine optische Apertur (16F) besitzt, 
die bemessen ist zum Lesen eines entsprechen- 
den ersten Lesebereichs (16S1) der Skala (10), 
und Begrenzungsmittel (15) zum Begrenzen der 
Skala (10) auf einen zweiten Lesebereich (16S2) 
kleiner als ein besagter erster Lesebereich (16S1), 
wodurch ein Abtastbereich (16) der Skala definiert 
ist durch den zweiten Lesebereich (16S2), und das 
Filterband (FB) zu dem zweiten Lesebereich 
(16S2) umgekehrt proportional ist. 

8. Vorrichtung nach Anspruch 6 oder Anspruch 
1, bei der eine dominante Periodizitat (PD der 
Skala (10) definiert ist durch mit Abstand langs 
der Skala vorhandene Positionen (P), wobei die 
dominante Periodizitat gleich der Nenn-Penodizi- 
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•at des Raumfilters (F) ist. eine besagte Skalenmar- 
•<ierung (14) im wesentlichen an jeder besagten 
Position (P) vorgesehen ist. so daS die Abstandhal- 
tung der Markierungen (14) zum.ndest innerhalb 
des Abtastbereiches (16) gleichmaG.g ist und 
irgendwelche UngleichmaBigkeiten in der 
Abstandhaltung der Markierungen innerhalb des 
DurchlaSbandes (FB1) des Filters ; (F) Lege n 

9. Vorrichtung nach Anspruch 6 oder 7 be. der 
eine dominante Periodizitat (PD der Skala (10 
durch gleichmaGig langs der Skala (10) m. 
Abstanden versehene dom.nante Pos.tionen (P 
- definiert istrwobei die dominante Per.od.zitat (PD 
gSch der Nenn-Periodizitat (D1. F1) des Raumf.l- 
ters (F) ist. mindestens zwei Skalenmark.erungen 
(14/1) an jeweiligen besagten Positionen (P) inner- 
halb des Abtastbereiches (16) vorhanden smd, 
sekundare besagte Markierungen (14/2) an der 
Skala (10) an gegen die dominanten Positionen (P) 
versetzten Stellen vorgesehen sind, urn dadurch 
Sekundar-Periodizitaten (P2) zu schaffen die s.ch 
zum Sestimmen eines Skalenbandes (SBD kombi- 
nieren, und das Skalenband (SB1) innerhalb des 
OurchlaSbandes (FBD des Filters (F) l.egt 

10 Vorrichtung nach Anspruch 9, bei der das 
Raumfilter (F) eine Ansprechkurve (Fa) bestimmt 
welche einen Bereich von Penodiz.taten (FB2 
gro&er als das DurchlaGband (FBD des Filters (F) 
Gberdeckt, wobei die Sekundar-Period.z.taten (P2 
sich mindestens uber den groSeren Bereich (FB2) 

erstrecken. . . 

11 Vorrichtung nach Anspruch 1, bei der eine 
dominante Periodizitat (PD der Skala durch m.t 
gleichem Abstand langs der Skala angeordnete 
Positionen (P) bestimmt ist. die dominante Perio- 
dizitat (PD gleich der Nenn-Periodizitat (D1, F1) 
des Raumfilters (F) ist und die Skalenmarkierun- 
gen (14) nur ah ausgewahlten der besagten domi- 
nanten Positionen (F3) vorgesehen sind. 

12 Vorrichtung nach Anspruch 6 Oder 7, bei der 
der Lesekopf (12) eine Lichtquelle (15) enthalt, die 
zur Beleuchtung der Skala (10) an dem Abtastbe- 
reich (16) positioniert ist und durch Reflexion an 
den Markierungen (14) das das Brechungsm.tte 
(17) beleuchtende Lichtverteilungsmuster (14. 3D 

8rZ 13 U Vorrichtung nach Anspruch 12 in Abhangig- 
keit von Anspruch 7. bei der die Lichtquelle (15) 
zum Beleuchten nur des zweiten Ablesebere.chs 
(16S2) ausgelegt ist, urn dadurch den Abtastbe- 
reich (16) zu begrenzen. . . ^ ■ ^ m- 

14. Vorrichtung nach Anspruch 1, bei der die 
Sekundar-Periodizitaten infolge einerZufallsvana- 
tion des Wiederholabstandes der Markierungen 
langs der Skala entstehen. 

15. Vorrichtung nach Anspruch 1, bei der die 
Sekundar-Periodizitaten infolge einer rampenfor- 
migen Veranderung des Wiederholabstandes der 
Markierungen entstehen. 

16. Vorrichtung nach Anspruch 1, bei der die 
Sekundar-Periodizitaten infolge einer sinusformi- 
gen Veranderung des Wiederholabstandes der 
Markierungen entstehen. 

17 Vorrichtung nach Anspruch 1, bei der die 
Sekundar-Periodizitaten infolge von Kratzern oder 
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ahnlichen Unvollkommenheiten der Skala entste- 

Tlj. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) eine optische Apertur (16; 16I-. 
16SV 16S2) besitzt und das Durchlafiband (r-Bi, 
FB2) durch das AusmaS der Apertur bestimmt ist. 

19 Vorrichtung nach Anspruch 5, bei der Para- 
meter des Lesekopfes (1 2) zusatzlich gegeben sind 
durch den Ausdruck 

l /u+1/v=M(n+i)xD2 z ] (6) 

wobei \die Wellenlange des benumen Lichtes ist. 

20 Vorrichtung nach Anspruch 5 oder 19, bei der 
das periodische Brechungsmittel (17) ein Phasen- 
gitter ist. 

Ravendications 

1 Appareil pour mesurer le deplacement entre 
deux elements (11. 13), comprenanf. 

a) una graduation (10) sur un des elements, 
possedant des reperes (14; 14/1 ; 14/2) definies par 
un modele lumineux, 

b) une tete de lecture (12) prevue sur I autre 

element (13). , . . 

c) des moyens de diffraction penodique (17) 
orevus dans la tete de lecture pour une interaction 
avec le modele lumineux afin de produire des 
franges d'interference (30) possedant un rnouve- 
ment par rapport a la t&te de lecture (12) en 
reponse a un deplacement entre les deux elements 

0 d) line periodicite nominale (D1, F1) etantdeter- 
minee par la tete de lecture, qui est la periodicite 
aue doit posseder la graduation afin de sat.sfa.re 
aux parametres optiques (02. u, v) de la tete de 

'^rdesmoyens de detection (18. 20) pour detec- 
ter le mouvement precite, caracterise en ce que 

f) les reperes de graduation (14; 14/1; 14/2) 
possedent des periodicites seconda.res (24; PI A; 
P1B; Px; P1C; P2) decalees de deviations (D) par 
raooort 'a la periodicite nominale (D1, F1), 

g) des moyens (16; 16F; 16S1; 15, 16S2) sont 
orevus pour definir la longueur d'une region 
d'echantiilonnage effectif de la graduation (10), 
seule la lumiere provenant de cette region 
d'echantiilonnage effectif contribuant a la produc- 
tion des franges d'interference (30), 

h) les moyens de diffraction (17) et les moyens 
precites (16; 16F; 16S1; 15, 16S2) pour definir la 
longueur d'une region d'echantiilonnage effectif. 
constituent un filtre spatial (F) passant la periodi- 
cite nominale (D1, F1), et 

i) le ffltre (F) possede une bande passante (r-bi, 
FB2) determinee par la longueur de la region 
d'echantiilonnage effectif et definissant une devia- 
tion (D) maximale, de sorte que les periodicites 
secondaires en dessous de cette deviation maxi- 
male contribuent a la production des franges (30), 
tandis que les periodicites secondaires au-dessus 
d cette deviation maximale (D) ne contribuent pas 
a la production des franges (30). 

2. Appareil selon la revendication 1, dans lequel 
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les moyens de diffraction (17) comprennent . un 
reseau d diffraction (17) distant de la graduation 
(10) afin d'etre eclaire par le modele um.neux 14 
31) et de produire les franges de diffraction (30) 
sur un plan (30A) distant du reseau (17) du cote de 
ce dernier qui est oppose a la graduation ( 0) 

3 Appareil selon la revendication 1 , dans lequei 
le filtre spatial (F) comprend un premier reseau de 
diffraction (17) distant de la graduat.on (10) afin 
d'etre eclaire par le modele lumineux (14, 31) et 
de produire les franges (30) sur un plan de 
franges (30A) du cote du premier reseau (17) qui 
est qpposla la graduation^ 01 e_t dans lequeMes 
" "movens de detection comprennent un deuxieme 
reseau (18) situe sur le plan (30A) pour reveler 
une modulation lumineuse par suite du mouve- 
ment des franges (30). la lumiere provenant du 
modele lumineux (14, 31) passant success.ve- 
ment par les premier et deuxieme reseaux (17, 18) 
du cote du deuxieme reseau (18) qui est oppose 
au premier reseau (17), et un ensemble detecteur 
(20) est prevu sur ce cote oppose du deuxieme 
reseau (18) pour detecter la modulation precitee. 

4 Appareil selon la revendication 3. dans leque 
les parametres (D2, u, v) de la tete de lecture (12) 
sont fournis par les expressions suivantes: 



1/ u + 1/v=X/(nxD2 2 ) 
D2/D3=u/(u+v) 
D2/D1 =v/(u+v) 



(D 
(2) 
(3) 



^distance entre un plan. (31a) contenant le 
modele lumineux (31), et le premier reseau (17); 

v=distance entre les reseaux (17, 18); 

\=longueur d'onde de la lumiere; 

01 =pas de la periodicite nominale; 

D2=pas du premier reseau (17); 

,D3=pas du deuxieme reseau (18); 

n=integrateur positif. , 

5 Appareil selon la revendication 3, dans leque 
les parametres (02, u, v) de la tete de lecture (12) 
sont fournis par les expressions suivantes: 



D2/D3=2u(u+v) 
D2/D1=2v/(u+v) 



(4) 
(5) 
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° U u =distance entre un plan (31a) contenant le 
modele lumineux, et le premier reseau (17); 

v=distance entre les reseaux (17, 18); 

D1 =pas de la periodicite nominale; 

02=pas du premier reseau (17); 

03=pas du deuxieme reseau (18). 

6. Appareil selon la revendication 1, dans lequei 
le filtre spatial (F) possede une ouverture optique 
(16F) dirhensionnee pour lire une region d'echan- 
tillonage correspondante (16) de la graduation, et 
la bande filtrante (FB) est inversement proportion- 
nelle a cette region d'echantillonnage. 

7. Appareil selon la revendication 1 , dans lequei 
le filtre spatial (F) possede une ouv rture optique 
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(16F) dimensionnee pour lire une premiere plage 
d lecture correspondante (16S1) de la graduation 
(10) et des moyens limiteurs (15) pour l.m.ter la 
graduation (10) a une deuxieme plage de ecture 
(16S2) au-dessus de la premiere plage de lecture 
(16S1) de sorte qu'une region d'echantillonnage 
(16) de la graduation est definie par la deuxieme 
plage de lecture (16S2).et la bande filtrante (FB) 
est inversement proportionnelle a cette deux.eme 
plage de lecture (16S2). 

8 Appareil selon la revendication 6 ou 7, dans 
lequei une periodicite dominante (PD de la gra- 
duation (10) est definie par des positions (P) 
"espacees le long deHa graduation, cette periodi- 
cite dominante etant egale a la periodicite nomi- 
nale du filtre spatial (F), un repere de graduation 
(14) est prevu sensiblement a chaque position (P), 
de sorte que I'espacement des reperes (14) est 
uniforme au moins a I'interieur de la region 
d'echantillonnage (16), et tous les eventuels 
defauts d'uniformite de I'espacement des reperes 
se situent dans la bande passante (FB1) du filtre 

<F 9 Appareil selon la revendication 6 ou 7, dans 
lequei une periodicite dominante (PD de la gra- 
duation (10) est definie par des positions domi- 
nantes (P) regulierement espacees le long de la 
graduation (10), cette periodicite dominante (Pi ) 
est egale a la periodicite nominale (D1, FD du 
filtre spatial (F), au moins deux reperes de gra- 
duation (14/1) sont presents a des positions (P) 
respectives a I'interieur de la region d echant.llon- 
naae (16), des reperes secondares (14/2) sont 
prfvus sur la graduation (10) a des positions 
decalees par rapport aux position dominantes (P), 
de maniere a fournir des periodicites seconda.res 
(P2) qui se combinent pour definir une bande de 
graduation (SB1), et la bande de graduation se 
situe dans la bande passante (FB1) du filtre (F). 

10 Appareil selon la revendication 9, dans 
lequei le filtre spatial (F) definit une courbe de 
reponse (Fa) couvrant une plage de penod.ates 
(FB2) plus grande que la bande passante (FBI du 
fntre (F ) et les periodicites secondaires (P2) 
s'etendent au moins sur cette plage plus grande 
(FB2) 

11 Appareil selon la revendication 1, dans 
lequei une periodicite dominante (PD de la gra- 
duation est definie par des positions (P) reguliere- 
ment espacees le long de la graduat.on cette 
periodicite dominante (PD etant egale a la peno- 
dicite nominale (01, F1) du filtre spatial (F), et les 
reperes de graduation (14) sont prevus un.que- 
ment a des positions dominantes select.onnees 
(F3) 

12 Appareil selon la revendication 6 ou 7, dans 
lequei la tete de lecture (12) comprend une source 
lumineuse (15) positionnee pour ec ^er la gra- 
duation (10) sur la region d'echant.Monnage (16 
et par reflexion sur les reperes (14 , pour pro 
duire le modele lumineux (14, 3D ecla,rant les 
moyens de diffraction (17). 

13 Appareil selon la revendication 12, aans 
,eouel la source lumineuse (15) est concue .pour 
eclairer uniquement la deuxieme plage de lectur 
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(16S2), delimitant ainsi !a region d'echantillon- 
nage (16). 

14. Appareil selon la revendication 1. dans 
lequel tes periodicites secondares surviennent 
sous I'effet ' d'une variation aleatoire de la 
periode des reperes le long de la graduation. 

15. Appareil selon- la revendication 1, dans 
lequel les periodicites secondaires surviennent 
sous I'effet d'une variation en forme de 
rampe de la periode des reperes. 

16. Appareil selon la revendication 1, dans 
lequel les periodicites secondaires surviennent^ 
sous "i'effet "d'une *variation""sinus"oidale de la 
periode des reperes. 

17. Appareil selon la revendication 1, dans 
lequel les periodicites secondaires surviennent 
sous I'effet de rayures ou imperfections simi- 
laires de la graduation. 
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18. Appareil selon la revendication 1, dans 
lequel le filtre spatial (F) possede une ouver- 
ture optique (16; 16F; 16S1; 16S2), le la 
bande passante (FBI; FB2) est definie par 
I'etendue de cette ouverture. 

19. Appareil selon la revendication 5, dans 
lequel les parametres de la tete de lecture 
(12) sont en outre fournis par I'expresston sui- 
vante: 



1/u + 1/v=M(n + 1/2)xD2 2 ] 



(6) 



ou X est la longueur d'onde de la lumiere 
employee. 

20. Appareil selon la revendication 5 ou 19, 
dans lequel les moyens de diffraction periodi- 
ques (17) consistent en un reseau de phase. 
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